We calculated the time of pairing by quantum diffusion of ortho-H2 impurities in solid para-H2. The important feature of the pairing process is a strong directional bias associated with the dependence of the hopping rates on energy mismatches caused by the interaction of the pairing particles. This bias at moderate temperatures is against a mutual approach of particles and creates a "kinetic barrier. " At lower temperatures, the corresponding diffusion mechanism freezes out, which leads to a rapid increase in pairing rates. This explains a well-developed, experimentally observed maximum in the pairing time as a function of temperature: a maximum that exists in spite of a monotonic temperature dependence of individual hopping rates. Our results are in good agreement with experimental data.
I. INTRODUCTION
Quantum diffusion is, basically, the tunneling of impurity particles in a host lattice at low temperatures. This immediately separates quantum diffusion from the classical case, which is thermally activated and depends exponentially on temperature.
The 
is by several orders of magnitude shorter than (2), which is quadratic in co0. The characteristic pairing time r(T)
should be expressed via the individual hopping rates (2) and (3) assuming a random initial distribution of impurities.
III. AVERAGE PAIRING TIMES: COMPUTATIONAL MODEL
We are going to solve the following diffusion problem.
Initially, at t =0, the impurity particles are distributed randomly through the host lattice. Then the impurities start to move with the diffusion rates (2) (the energy mismatches should be determined using the current distribution of impurities). With time, the number of nearest-neighbor pairs will increase, while the number of singles will go down. We will assume that once the nearest-neighbor bond has been formed it cannot be broken (a very strong bond, or some reaction takes place).
We will neglect the motion of pairs ( In this paper we calculate the pairing time for two impurities averaged over the initial random uniform distribution of impurities. In a two-particle setting, it does not matter which of the particles makes a step; what matters is a change in a relative positions of particles before and after each step. Therefore we will consider one of the impurities as immobile (the "origin"), while all the dynamics will be ascribed to the second one (the "impurity").
We will compute the average time of the approach of the impurity to the origin. (4) is proportional to the volume of our cell and is of the order of 1/x, where x is the impurity concentration. In our calculations we generated hcp lattices with 100 to more than 1000 lattice sites per cell; i.e. , we were dealing with impurity concentrations between 1% and less than 0.1%%uo. The set of linear equations (4) Figs. 4(a) and 4(b) ]. It looks as if some of the impurities are trapped in certain crystallographic positions and pair much later than the rest of impurities. Again, these traps would probably be eliminated -or, at least, made less pronounced -if one takes into account the motion of other particles. Figures 5(a) and 5(b) show the results for the initial pairing time with the parameters in Eq. (2) chosen so as to ensure the best fit with the experimental data. ' The fit was done by fixing the position and height of the maximum. As we see, the whole temperature dependence of the characteristic time is described amazingly well. Note that the experimental error bars, which are not given in the figure, are much larger than the distance between the curve and experimental points.
Generally, the well-developed temperature maximum is an inherent feature of the pairing time characterizing the initial stages of the pairing process. The ratio g&/g determines the position of the maximum. The curves in Fig. 5 correspond to the value of this ratio equal to 2. 91 X 10, which was determined from the best fit to experimental data. However, as is obvious from the figure, the experimental data are not very accurate and are consistent with a position of the maximum anywhere between T=0.4 and 0.7 K. Unfortunately, the position of the maximum is not very sensitive to the value of the ratio g, /g, and such an experimental uncertainty in the position of the maximum can change the value of this ratio by a couple orders of magnitude. On the other hand, this insensitivity is a good sign: It demonstrates that the existence of the maximum is a very general effect which does not depend on some very particular choice of the parameters.
The main parameter of quantum diffusion is the bare tunneling frequency coo. The problem is that it is very difficult (or, in 
